Objective: Suicide rates in veteran and military populations in the United States are high. This article reviews studies of the accuracy of methods to identify individuals at increased risk of suicide and the effectiveness and adverse effects of health care interventions relevant to U.S. veteran and military populations in reducing suicide and suicide attempts.
Despite the large public health impact of suicide in the United States (1), research supporting clinical guidelines for suicide prevention has been limited. Universal evaluation for suicide risk (screening) in general medical practice is currently not recommended (2, 3) , although a Sentinel Event Alert regarding identification of suicide risk has been issued by The Joint Commission (4) . However, primary care clinicians and other health care practitioners are often well positioned to serve as initial contacts in the assessment and referral of high-risk individuals. During the year prior to suicide, an estimated 83% of suicidal individuals used health care services, including 64% who had contact with primary care and 45% who had contact with mental health care clinicians (5) .
Efforts to prevent suicide generally include referrals for treatment of underlying conditions, psychotherapy, and management of imminent risk, such as hospitalization and development of safety plans (6, 7) . In addition to individual-level approaches, an increasing number of suicide prevention initiatives have been implemented at organizational, health system, and community levels. However, their influence on suicide prevention remains unclear because few studies demonstrating effectiveness have been published (7) .
Suicide rates in the United States, including rates in veteran and military populations, are high (8, 9) . Rates of suicide increased among active duty soldiers during the wars in Afghanistan and Iraq (10) , and between 2000 and 2010, the suicide rate among veterans surpassed the rate among civilians (11) . Female veterans are at especially high risk compared with women who are not veterans (11) . These trends have led to new initiatives and additional research funding to address suicide risk detection and prevention in both the U.S. Department of Veterans Affairs (VA) and the Department of Defense. As part of this effort, this systematic review updates evidence of the accuracy of methods to identify individuals at increased risk of suicide and the effectiveness and adverse effects of health care interventions relevant to U.S. veteran and military populations in reducing suicide and suicide attempts. This review adds to existing research (12) (13) (14) (15) (16) by focusing on studies applicable to veteran and military populations, including risk assessment studies and trials of interventions, and evaluating the strength of evidence by using established methods.
METHODS

Scope, Key Questions, and Analytic Framework
The scope and key questions were determined during a topic refinement process that included a preliminary review of published peer-reviewed literature; discussion with internal partners, policy makers, and investigators; and consultation with content experts and key stakeholders. This review followed an established systematic review methodology (17) , and a protocol was posted to the PROSPERO International Prospective Register of Systematic Reviews Web site (http://www.crd.york.ac.uk/PROSPERO; registration number CRD42015019089) (18) . A technical report describes additional methods (19) . Institutional review board approval was not required for this systematic review.
We created an analytic framework outlining the key questions, patient populations, interventions, and outcomes of the review. [A figure depicting the framework is included in an online supplement to this article.] Key questions addressed the accuracy and adverse effects of methods to identify individuals at increased risk of suicide and attempts and the effectiveness and adverse effects of suicide prevention interventions in reducing rates of suicide and attempts. Interventions included health care services directed toward populations (for example, educational programs and practice changes) and individuals (for example, psychotherapy and case management).
Outcomes of interventions included reduced suicide and other suicidal self-directed violence. Suicidal self-directed violence is behavior against oneself that deliberately results in injury or the potential for injury with evidence of suicidal intent (that is, nonfatal suicide attempts) (20, 21) . Suicide is a fatal outcome of suicidal self-directed violence. Suicidal ideation and nonsuicidal self-directed violence, or composite outcomes that include these thoughts or behaviors, were outside the scope of this review. Adverse effects of these interventions included health outcomes as well as other outcomes, including patient anxiety and distress, labeling, and stigma.
A research librarian conducted electronic database searches of MEDLINE by using PubMed, PsycINFO, SocINDEX, Cochrane Central Register of Controlled Trials, and the Cochrane Database of Systematic Reviews between January 1, 2008, and September 11, 2015, to capture studies published since previous systematic reviews on this topic (6, 7, 22) . [A list of search terms is provided in the online supplement.] Additional sources included a search of relevant research and organizations' Web sites and citations from reference lists, reviews, conference proceedings, and experts.
Study Selection
Prespecified eligibility criteria were used to determine inclusion of abstracts and articles [see online supplement]. English-language full-text articles identified as potentially relevant were independently examined by two of the authors. At least one reviewer for each study was a physician or a doctoral-level investigator experienced in the field; disagreements were resolved through consensus by using a third reviewer.
Consistent with the previous reviews (6, 7, 22) , eligible studies included populations of veterans, military personnel, and demographically comparable nonveteran adults ages 18 and older from the United States, United Kingdom, Canada, New Zealand, and Australia. These countries were chosen because of their similarities to the United States in terms of health care services and their involvement in Operation Iraqi Freedom and Operation Enduring Freedom and conflicts in Iraq and Afghanistan. Studies enrolling participants substantially different from the general veteran population (for example, children and adolescents) or with serious comorbidities (for example, advanced cancer) were outside the scope of this review.
Studies were included that evaluated the diagnostic accuracy or adverse effects of methods to assess risk of suicide and attempts, including instruments, checklists, and other approaches appropriate for clinical settings. Outcomes included sensitivity, specificity, area under the receiveroperator characteristic curve (AUC), and similar measures. Studies were excluded that primarily determined associations between individual risk factors and suicide and attempts, evaluated psychometric characteristics of instruments, or provided only descriptions of methods without reporting measures of accuracy.
Studies of the efficacy or effectiveness of interventions were eligible if the interventions were specifically designed to prevent suicide and attempts, including randomized controlled trials (RCTs), observational studies with comparison groups, and systematic reviews of studies with these study designs. These included primary, secondary, and tertiary prevention intervention studies of health care services clinically relevant to medical practice in the United States. Studies of interventions that were intended to primarily treat coexisting conditions and studies of pharmacotherapy were outside the scope of this review.
Data Extraction and Quality Assessment
Details of the study design, setting, patient population, methodology, and results were abstracted into a customized, prepiloted database by one author and confirmed by a second. Two authors independently assessed the risk of bias of included studies by using prespecified criteria for RCTs (23) , observational studies (24, 25) , and diagnostic-accuracy studies (24, 26) . Each study was given an overall summary assessment of low, high, or unclear risk of bias. Discrepancies were resolved through consensus by using a third author.
Data Synthesis
Measures, interventions, outcomes, and study participants were too heterogeneous to combine in statistical meta-analysis, and conclusions are based on qualitative synthesis of the findings that emphasizes the strongest studies (that is, best evidence approach). The overall strength of evidence for studies of interventions was determined by using a method developed for the Agency for Healthcare Research and Quality's Evidence-Based Practice Centers (27) . This method does not provide strength-of-evidence grades for diagnosticaccuracy studies.
RESULTS
Results of the literature search and selection process are summarized in a literature flow diagram [see figure in online supplement]. Of 7,788 citations reviewed, 681 articles were selected for full-text review, and 37 studies met inclusion criteria.
Methods to Identify Suicide Risk
Nineteen studies evaluated the accuracy of methods to identify suicide risk (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) [see table in online supplement]. No studies described the adverse effects of risk assessment methods. Five studies evaluated methods that could be offered to general populations (universal or primary prevention) (32, 36, 37, 39, 42) ; nine studies evaluated methods that target subpopulations likely to be at increased risk of suicide, such as patients presenting to emergency departments (selective or secondary prevention) (28) (29) (30) 33, 34, 38, 40, 41, 46) ; and five studies evaluated methods for individuals who have already been identified as having increased risk, such as patients admitted to a hospital for suicidal ideation (tertiary prevention) (31, 35, (43) (44) (45) . Studies enrolled participants from the community, online, emergency departments, and psychiatry services or used data from existing patient medical records or administrative databases. Six studies included veterans or military personnel specifically (28) (29) (30) (31) 36, 37) . Most studies included high-risk populations, such as adults presenting to emergency departments with suicide attempts (33, 38, 40, (43) (44) (45) or who had psychiatric hospitalizations or psychiatric risk factors that indicated higher risk of suicide (28) (29) (30) (31) (34) (35) (36) 39, 41, 46) , most commonly depression or previous suicide attempts.
Thirteen studies used one or more clinician-rated or patient-self-reported instruments to assess individual levels of risk (28) (29) (30) (32) (33) (34) (35) 38, (42) (43) (44) (45) (46) . Instruments incorporated questions and scales indicating the presence and severity of known or suspected suicide risk factors, and the studies determined how well participants' responses predicted suicidal behaviors. In one study, participants' responses to nine separate scales were analyzed in various combinations to determine a model with the best diagnostic accuracy (34) .
Six studies used existing data from electronic medical records or administrative databases to identify suicide risk factors in populations of patients and then stratified the patient populations by levels of suicide risk by using regression analysis (31, 36, 37, (39) (40) (41) . Of these studies, three derived models from development data sets and tested them in validation data sets (37,40,41).
Six of the 19 studies had important methodological limitations resulting in high risk-of-bias ratings (28, 29, 35, (43) (44) (45) ; risk of bias was unclear in ten studies (30) (31) (32) (33) (34) 38, 39, 41, 42, 46) , and low in three studies (36, 37, 40) . Major limitations of studies with high or unclear risk of bias included small sample sizes, including six studies with sample sizes less than 200 (28, 35, 38, (43) (44) (45) , high or unclear loss to follow-up (28, 29, (33) (34) (35) 37, 38, 44, 45) , and potentially biased participant selection (28, (30) (31) (32) 34, 35, 38, (43) (44) (45) (46) .
Results of studies indicated estimates of sensitivity ranging from 50% to 100% (with one outlier at 11%) and AUC values from .57 to .97 ( Figures 1 and 2) [also see tables in the online supplement]. The majority of methods had estimates of sensitivity $80% or AUC $ .70, a threshold suggesting fair or better discrimination between patients with and without suicide or suicide attempts. These methods include SAD PERSONS and variations (33) , Suicide Opinion Questionnaire (35), ReACT Self-Harm Rule (40), Suicidal Ideation Attributes Scale (42), modification of the Affective Intensity Rating Scale (43), Suicide Trigger Scale (44, 45) , Schedule for Nonadaptive and Adaptive Personality selfharm subscale (46) , suicide potential index subscale of the Personality Assessment Inventory (28), a decision tree with predictors of suicide attempts (31) , and prediction models incorporating electronic database records (34, 36, 37, 41) .
All three studies with low risk of bias evaluated methods derived from large patient databases (36, 37, 40) . The ReACT Self-Harm Rule is a four-item model developed from data from 18,680 patients in England presenting to emergency departments with self-harm. Items include self-harm in the past year, living alone or homelessness, cutting as a method of harm, and treatment for a current psychiatric disorder. The ReACT SelfHarm Rule demonstrated sensitivity of 88% and specificity of 24% for predicting suicide within six months (40) .
A study using data from nearly six million VA patients to create a prediction model to stratify patients according to their risk of suicide within the next year reported an AUC of .761 (95% confidence interval [CI]=.751-.771) (37) . Results suggested that the model was a better predictor of suicide than the current clinical practice standard of health care providers "flagging" medical records of individuals believed to be at higher risk of suicide.
The only study of military personnel was based on the Army Study to Assess Risk and Resilience in Servicemembers (Army STARRS) and included 40,820 active duty U.S. Army soldiers hospitalized with psychiatric diagnoses (36) . A risk algorithm to predict suicides within one year of hospitalization was developed from administrative data systems and demonstrated AUCs as high as .89.
Health Care Service Interventions for Suicide Prevention
Interventions directed toward populations. Eight studies of the effectiveness of population-level interventions met inclusion criteria (Table 1) (47) (48) (49) (50) (51) (52) (53) (54) . One study evaluated a secondary prevention intervention (51) , and the others targeted primary prevention. These initiatives included components generally categorized as education, awareness, individual health, and individual risk monitoring. One study was designed as a retrospective cohort study (48) , six were before-after studies (47, 49, (51) (52) (53) (54) , and one was a postintervention series (50) for which risk-of-bias criteria were not applicable.
Suicide rates were lower after interventions in six observational studies, including studies of the Air Force Suicide Prevention Program (49,55), a program for an Army Infantry Division deployed to Iraq (50) , and studies of police officers (52) , university students (51), and health systems (47, 54, 56) . Suicide rates were not lower in two studies of community programs (48, 53) . However, interventions differed across studies, and all studies were limited by risk of bias inherent to nonrandomized study designs-particularly, that potential confounders were not considered and groups may not have been comparable. Strength-of-evidence grades were low for suicide outcomes (eight observational studies), insufficient for suicide attempt outcomes (no studies), and insufficient for adverse effects (no studies) [see table in online supplement].
Interventions directed toward individuals. Ten RCTs of the effectiveness of individual-level health care interventions met inclusion criteria (Table 2) (57) (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) . Two studies evaluated interventions for secondary prevention (59, 64) , and the others evaluated interventions for tertiary prevention. Most trials compared usual care with various types of psychotherapy, including cognitive-behavioral therapy, dialectical behavior therapy, personal construct psychotherapy, and problem-solving therapy. One trial examined collaborative care (57, 64) , and another examined day hospital attendance (59) . Participants included outpatient military personnel and nonmilitary psychiatric inpatients or patients at acute risk of suicide. No studies specifically evaluated adverse effects of the interventions, and none specifically considered the effects of pharmacotherapy administered outside the study protocol during the study.
Risk of bias was rated high in five trials (58, 59, 61, 66, 67 ) and unclear in five (57, 60, (62) (63) (64) (65) . Most studies were underpowered to detect differences between treatment and usual care. Additional limitations included lack of information on randomization (59, 66, 67) , allocation concealment (58) (59) (60) 63, (65) (66) (67) , and blinding (58, 59, 64, 66, 67) ; lack of outcome reporting (59, 61, 67) ; and unclear or lack of specified outcome measures (60, 63, 66) .
Only two of ten trials reported statistically significant differences between treatment and usual care (63, 65) , although risk of bias was unclear for both trials. In a trial of outpatient active duty soldiers with recent suicide attempts or ideation, those in a brief cognitive-behavioral therapy program were less likely to have made suicide attempts at two-year follow-up than those in usual care (14% versus 40%, p=.02; hazard ratio=.38, 95% CI=.16-.87) (63) . In a trial involving women with borderline personality disorder, those receiving dialectical behavior therapy had fewer suicide attempts than those receiving usual care at one-year follow-up (23% versus 46%, p=.01) (65) . Strength-of-evidence grades were low for suicide attempt outcomes (seven trials), insufficient for suicide outcomes (four trials), and insufficient for adverse effects (no studies). 
DISCUSSION
Nineteen studies of risk assessment methods to identify individuals at increased risk of suicide or suicide attempts evaluated 19 different approaches. Results indicated fair or better diagnostic accuracy for most methods. However, methodological limitations in many of the studies threatened the validity and applicability of the findings. Prediction models derived from large patient databases may provide a more rigorous approach to risk assessment than other methods. Although some models demonstrated fair to good diagnostic accuracy in single studies with low risk of bias, they have not yet been implemented and further tested in clinical settings. Several remaining concerns include their feasibility in clinical practice, impact on workflow, and incremental value in identifying patients for further intervention. For example, although results indicated high predictive accuracy in a study of the Army STARRS risk algorithm, this method incorporated information from 38 administrative databases, including data that may not or cannot be obtained prospectively. Whether key information in the model would be routinely kept up to date and available to inform clinical practice in real time is unclear. A new model based on Army STARRS administrative data from outpatient mental health visits, published after the systematic review searches, may provide a more feasible approach (68) . Another approach, using responses to the suicidal ideation question from the nine-item Patient Health Questionnaire (PHQ-9), a measure frequently used in clinical practice, was recently found to be associated with up to a 75% increased risk of suicide in a sample of nearly 400,000 VA patients (69) .
Studies of various clinician-rated or patient-self-reported risk assessment instruments and scales indicated accuracy that varied across methods and cut-points. Some instruments may provide diagnostic value to specific patient subgroups, such as those with previous suicide attempts or co-occurring conditions. Although these methods may be useful, studies evaluating them are currently inconclusive and limited by small sample sizes, methodological limitations, and unclear applicability to clinical practice. These deficiencies also limit comparisons between types of risk assessments, patient subgroups, settings, or other factors. Although these methods appear in general to have lower accuracy than more complex models based on electronic records or administrative data, the accuracy of the two approaches was compared in only one study (41) .
One of the biggest challenges in using methods to identify suicide risk in clinical settings is the low incidence rate of suicide, especially in primary care or ambulatory mental health care populations. Our results revealed several methods with reasonably high sensitivity. However, positive predictive values were much lower because, unlike sensitivity, predictive values are affected by the low incidence of suicide. It is unclear at this point what level of risk would be needed for a specific method to be clinically useful. For example, even with a positive predictive value of 30% for suicidal behavior, as observed in included studies of high-risk veteran populations (30, 31) , 70 of every 100 cases would be false positives. Moreover, the false-positive rate becomes exponentially higher when the outcome is suicide itself, even in high-risk populations. The false-positive rate is even higher when suicide risk assessment is applied broadly across unselected populations. For example, if using the ReACT Self-Harm Rule with a sensitivity of 88% and specificity of 24% for assessing risk among all veterans receiving care in VA facilities (suicide rate of 27.6 per 100,000) (11), the positive predictive value would be only 3%. Given that this review found no studies of adverse effects, such as involuntary hospitalization or other actions that might be triggered by a positive risk assessment, the inadequacy of the current evidence base to offer practical guidance to clinicians becomes even more apparent.
Future research should build on current work. Risk models should be further refined, and those demonstrating fair to good diagnostic accuracy, such as the ReACT SelfHarm Rule, should be prospectively evaluated in large clinical populations, preferably through cluster-randomized trials. Studies should also assess the effectiveness and potential adverse effects of risk prediction tools in clinical care pathways designed to prevent suicide or suicide attempts. To ensure their clinical applicability to VA and military populations, methods should be specifically evaluated in these groups.
Future research should also test novel approaches to suicide risk assessment that build on existing developmental work. Although many studies of risk assessment methods have relied on patient self-reported data, a study of the computer-administered Implicit Association Test is an important exception (38) . This test uses individuals' reaction times when classifying semantic stimuli to predict future suicide attempts. In addition, individuals with histories of suicide attempts exhibit certain patterns of cognitive deficits that can be detected by tasks commonly included in neuropsychological testing batteries (70, 71) . Exploratory studies examining biological markers for suicide or suicidal behaviors (72) (73) (74) or neuroimaging to identify associations with suicide-related outcomes (75, 76) could be further expanded to determine their roles in clinical care and among specific patient subgroups. Ultimately, risk assessment approaches should be brief and easily administered for clinical applications across multiple settings.
Eight studies of the effectiveness of population-level interventions and ten RCTs of individual-level health care interventions met inclusion criteria for this review. However, results were inconclusive because interventions varied across studies, risk of bias could not be assessed for many studies because of study design, comparability of groups was not established, and most studies were underpowered to detect differences between intervention and comparison groups. In addition, high-risk patients may have been excluded from studies because of their need for acute care, and adverse effects were not reported.
Studies of population-level health care service interventions for suicide prevention should be conducted in additional populations to further validate results of the initial studies and to demonstrate the programs' applicability to general clinical practice. Many of the intervention studies compared outcomes before and after the interventions were implemented, raising concerns regarding regression to the mean and cohort effects. Although RCTs may be impractical on a population level, more robust observational study designs, such as interrupted time-series analysis, would strengthen the evidence base. Additional details about how the program components were implemented and maintained in practice are also necessary to establish portable service packages and translate this work to other settings. Restricting access to lethal means is an effective method of suicide prevention (7, 77) , although no recently published studies of health care services using this approach met inclusion criteria for this review. Examples of current efforts in the VA to reduce access to lethal means include an ongoing study of blister packaging for medications (78) and distribution of gun locks. Studies examining efforts to counsel veterans on firearms safety and delaying or restricting access to firearms have been published (79, 80) , but more work is needed to help guide clinician discussions with veterans and to establish the effectiveness of such strategies for VA health care settings.
Studies of individual-level interventions generally targeted individuals identified as at high risk of suicide because of recent suicide attempts or self-harm or existence of psychiatric conditions. Although these approaches are important, no studies tested interventions to increase protective factors, such as social integration (81, 82) . Improvement of this evidence base will require larger, more rigorous RCTs of existing interventions as well as innovative approaches, such as novel uses of technology to support or enhance care for individuals at risk of suicide (83, 84) , safety planning in health settings (85) (86) (87) , and peer support.
This review was limited by its focus on veteran and military populations in the United States, which may have excluded important studies. However, this focus improved its clinical relevance to this population, as well as other adults with similar demographic characteristics. Of the 37 studies included in this review, six studies of risk assessment and three studies of interventions specifically included veterans or military personnel. Also, this review included only English-language articles, which could result in language bias, although studies not published in English may be less relevant to the target population. Studies were not available for some key questions, including comparisons of the accuracy of risk methods by settings, delivery modes, and targeted populations. One of the useful measures of test performancepositive predictive value-could not be summarized and compared because it was often not included in studies. Data on adverse effects of risk assessment and prevention interventions were also absent across studies. 
